Computer processing of spatial QRS parameters (Frank vectorcardiogram) After the preliminary report of Pryor and Blount (1966) , the concept of left fascicular block was introduced by Rosenbaum et al. (1968). Many papers have been published on left anterior fascicular block but left posterior fascicular block has been less extensively studied. The latter is much rarer and the sensitivity and specificity of the electrocardiographic criteria of left posterior fascicular block are still uncertain. For instance, rightward deviation of the mean QRS axis, generally considered as a major criterion, is present in other conditions such as right ventricular overload or with a distinctly vertical position of the heart; also, criteria based on the configuration of the
Computer processing of spatial QRS parameters (Frank vectorcardiogram) was used to study left posterior fascicular block. The best set of vectorcardiographic criteria was sought in order to characterise the classic pattern of left posterior fascicular block.
Using these criteria, 18 cases were selected from a group of 4600 patients and 340 healthy subjects; isolated left posterior fascicular block was seen in 10 cases, and was associated with right bundle-branch block in 8 cases.
It is shown that some external factors can influence the aspect of the spatial QRS loop in left posterior fascicular block: cardiomegaly tends to produce a superior displacement of the main QRS forces: right bundle-branch block enhances the superior displacement of the initial forces and shifts the main QRS forces more anteriorly and to the right. The 'masquerading effect' of the left posterior fascicular block on a concomitant inferior myocardial infarct was also shown.
The most important diagnostic feature was the opposite direction of the initialforces (left anterosuperior) and the maximal vector (right postero-inferior) : the angle between these two vectors averaged 152°. Other criteria, such as the direction of rotation or the axis of the frontal loop, the vertical direction of the spatial loop, the presence of a Q wave in leads II, III, and aVF of the electrocardiogram, are not mandatory for the diagnosis of left posteriorfascicular block.
After the preliminary report of Pryor and Blount (1966) , the concept of left fascicular block was introduced by Rosenbaum et al. (1968) . Many papers have been published on left anterior fascicular block but left posterior fascicular block has been less extensively studied. The latter is much rarer and the sensitivity and specificity of the electrocardiographic criteria of left posterior fascicular block are still uncertain. For instance, rightward deviation of the mean QRS axis, generally considered as a major criterion, is present in other conditions such as right ventricular overload or with a distinctly vertical position of the heart; also, criteria based on the configuration of the Consequently, there is no consensus about the electrocardiographic criteria of left posterior fascicular block: rightward shift of the mean QRS axis beyond + 900 is not required by some authors (Medrano et al., 1972) , and leftward orientation of the initial part of the QRS is not mandatory according to others (Fernandez et al., 1972) . Indeed, the actual presence of left posterior fascicular block in some reported cases can be questioned.
In this study, a specific methodology has been used in order to avoid the problems resulting from non-validated electrocardiographic criteria for the diagnosis of left posterior fascicular block. The cases of left posterior fascicular block were selected according to several vectorcardiographic criteria 126
Computer study of VCG in left posterior fascicular block and a quantitative analysis of the spatial QRS loop was performed; the results of the analysis have been compared with published data.
Subjects and methods

RECORDING TECHNIQUE
In addition to the conventional 12 lead electrocardiogram the vectorcardiograms were recorded using the corrected orthogonal lead system of Frank. The patients were lying in a semirecumbent position, with the thorax at 450 from the horizontal level; the 4th intercostal space was used. The three planar vectorcardiographic loops were directly inscribed on paper by means of a digital system, with a sampling rate of 500 per second (Arnaud et al., 1968) . Each patient had a second recording which provided the onset of the QRS with an increased magnification and a sampling rate of 1000 per second. The scalar components X, Y, and Z were simultaneously recorded on an ElemaSchonander electrocardiograph, at a speed of 100 mm/s.
COMPUTER PROCESSING
For each recording, a QRS-T complex was processed by a PDP/8 computer. ' The programme 'EXPV', developed in this laboratory, computes 180 vectorcardiographic measurements (Rubel et al., 1975 Polu et al., 1972; Pryor, 1972; Varriale and Kennedy, 1972; Chou et al., 1974; Nicolai et al., 1974) There were 15 male and 3 female patients whose ages varied from 7 to 91 years. As seen in the study of Lopes et al. (1974) , the mean age was lower in group A (41.8) than in group B (52.9). The clinical and pathological findings, and the electrocardiographic diagnoses are listed in Tables 1 and 2 . Fig. 1A and B present the vectorcardiographic and electrocardiographic features of a 35-year-old patient (case 6) and show the typical orientation of the initial segment vector and the distinct right displacement of the main QRS forces.
Results
The results of the vectorcardiographic and electrocardiographic analyses are presented in Table 3 (group A, isolated left posterior fascicular block; and group B, left posterior fascicular block + complete right bundle-branch block).
The initial segment vector of the spatial QRS loop had an azimuth angle (AZ) varying from 0 to 90°. The mean value was higher in group A than in group B: 57.10, as opposed to 38.90.
The elevation angle varied from 00 (straight horizontal orientation in the frontal plane) to -770 (superior orientation). The mean value was lower in group A (-17.1') than in group B (-33 5°).
The angle between the initial segment vector and the maximal QRS vector varied from 750 to 176°(mean= 152.90 in group A and 151-9' in group B).
The maximal vector located in the left anterosuperior octant, in the early part of the spatial QRS loop, had a relative magnitude (RM) varying from 6 to 70 per cent of the maximal spatial QRS magnitude. The mean value was 24-3 per cent in group A and 29-5 per cent in group B.
The relative area (RA), that is the area drawn by the initial segment of the spatial QRS loop in the left anterosuperior octant as compared with the total QRS loop area, averaged 3 8 per cent in group A and 3*5 per cent in group B. The value was less than 1 per cent in 4 cases.
The QRS loop remained in this left anterosuperior octant during a period (absolute duration) varying from 10 to 52 ms (mean 20-6 ms in group A and 23-4 ms in group B). This represented 6 to 47 per cent of the total QRS loop duration (relative duration; mean=20 80/ in group A and 16-6% in group B).
The orientation of the maximal QRS vector was mainly toward the right posteroinferior octant of the space. Its azimuth angle was between 1460 and 2600 (mean in group A 243.70 and in group B 197.60). Its elevation angle varied from 680 (below the horizontal plane) to -6°(above the horizontal The orientation of the half-area QRS vector was close to that of the maximal vector: the azimuth angle was in the range of 1500 to 3240 (mean= 2500 in group A and 213-9' in group B); the elevation angle varied from 81°to -15°averaging 20.50 in group A and 43.90 in group B.
As with the maximal and the half-area QRS vectors, the half-time QRS vectors were most often directed to the right posteroinferior octant (14 cases).
The mean QRS axis in the electrocardiogram varied from + 90°to 1800 in 15 cases. In the remaining 3 cases it was, respectively, + 60°, +800, and -140°. Its mean value was + 112°in group A and + 127-5' in group B.
In adults, the relative area of the spatial QRS loop developing in the left half of the electrical field is normally greater than 75 per cent of the total QRS area. In these patients, lower values were observed (from 4% to 53%; mean: 35-8% in group A and 24-6% in group B), again demonstrating the rightward deviation of the main QRS forces.
The rotation of the QRS loop in the frontal plane was clockwise in 15 cases, counterclockwise in 1 case, and figure-of-8 in 2 cases. In the horizontal plane, the rotation was counterclockwise in 11 cases and figure-of-8 in the remaining 7 cases.
The 
Discussion
This study confirms that left posterior fascicular block, as diagnosed from vectorcardiographic criteria, is rare whether isolated or associated with right bundle-branch block; it was observed in only 0 39 per cent of the patients in a specialised cardiac institute. Our criteria of selection, with exclusion of all cases with anterior wall myocardial infarction, could account in part for this. The real incidence of left posterior fascicular block in our centre probably approaches 0A45-050 per cent, which agrees with the results of others using electrocardiographic criteria (Strickland et al., 1972; Rizzon et al., 1975) . In contrast with the left anterosuperior fascicle, which is relatively vulnerable to anterior wall infarction (Rosenbaum et al., 1968; Bobba et al., 1972) , we found that left posterior fascicular block was rare in inferior wall myocardial infarction (only 3 cases in our series).
The diagnosis of left posterior fascicular block is difficult, mainly because the commonly used electrocardiographic criteria lack specificity. In this study, we have attempted to define more valid criteria from the Frank vectorcardiogram rather than from the conventional 12 lead electrocardiogram and we have characterised the spatial QRS vector loop in left posterior fascicular block.
CRITERION A: INITIAL PART OF QRS LOOP
According to criterion A, the initial part of the QRS loop in left posterior fascicular block must be oriented anteriorly, superiorly, and to the left. This orientation results from the initial depolarisation depending only on the anterosuperior fascicle which activates the anterosuperior part of the left side of the septum and the adjacent anterior left ventricular wall (Scher, 1960; Rosenbaum Computer study of VCG in left posterior fascicular block et al., 1968; Lemberg et al., 1971; Medrano et al., 1971) . Right bundle-branch block does not affect this sequence of septal activation (Rosenbaum et al., 1968; Cohen et al., 1968) .
In this series, the initial segment of the spatial QRS loop and the maximal spatial QRS vector were oriented in opposite directions. In both groups, these two vectors formed an angle whose mean value was 1520, with a narrow range (1400 to 1760, after exclusion of two extreme cases). The presence of complete right bundle-branch block did not modify this particular relation between the initial and the maximal QRS vectors. In group B as compared with group A, the mean elevation angle showed an initial segment vector more superiorly oriented (-33 injured, the electrical signs of the inferior infarction will not appear. Thus left posterior fascicular block can reduce or even suppress the signs of coexisting inferior wall myocardial infarction. It was also found in this study that an associated right bundle-branch block would increase the importance of the initial QRS forces of left posterior fascicular block. After exclusion of the 3 cases of inferior wall myocardial infarction, the mean values for group B (with right bundle-branch block) as compared with group A (without right bundlebranch block) were, respectively, 32-5 per cent and 20-5 per cent for the magnitude of the maximal octantal vector, 4 per cent and 1-5 per cent for the relative area, and 24-9 ms and 17-7 ms for the duration of this initial segment. We, therefore, suggest that right bundle-branch block in itself can increase the initial forces developing in the left anterosuperior quadrant, and its association with a left posterior fascicular block tends to produce a cumulative effect.
As far as the electrocardiographic diagnosis of left posterior fascicular block is concerned, most authors require the presence of q waves in the inferior leads (Rosenbaum et al., 1968; Cohen et al., 1968; Benchimol and Desser, 1971; Tricot et al., 1971; Medrano et al., 1972) or at least in lead III (Kulbertus, 1972) , whereas others do not require this (Pryor and Blount, 1966; Fernandez et al., 1972) . In our study, a q or Q wave was present in all 3 inferior leads in 13 out of 18 cases; it was found in leads II and III in 1 case, and in lead III only in 3 cases; no q wave was observed in 1 case: in this latter case as in 2 of the 3 cases with a q wave only in lead III, the elevation angle had a null value. As the initial segment can be transversely oriented, left posterior fascicular block could thus be diagnosed in the absence of a q wave in leads II, III, and aVF, provided that the maximal vector and the initial vectors lie in opposite directions, as discussed above. (52, 52, and 53%, respectively) , and the mean QRS axis was at +900 or +1100, therefore fulfilling criterion B.
The individual values of the azimuth angle of both the maximal and half-area vectors showed a wide dispersion, mainly in the right posterior quadrant. These values were in general lower in group B than in group A (a difference of 460 for the maximal vector and 360 for the half-area vector).
It can be concluded that, in the presence of left posterior fascicular block, right bundle-branch block produces an additional effect on the QRS loop, shifting the main forces slightly more anteriorly and to the right.
The values of the mean QRS axis of the electrocardiogram were also widely scattered. There was a slight difference between group A and B: in group B, the mean value was 15°more to the right. In 3 cases, though the vectorcardiogram was characteristic for left posterior fascicular block, the mean QRS axis was not located in the right inferior quadrant of the frontal plane: it was, respectively, at +600, +800, and undetermined (around -140°). This is not surprising since there is not always a good correlation between the orientation of the maximal spatial QRS vector and the angle of the maximal vector in frontal plane (Lopes et al., 1974) . Moreover, since the range of normality is different between the mean QRS axis of the electrocardiogram and the angle of the maximal QRS vector in the frontal plane, the criteria for left posterior fascicular block based on these two values should necessarily be different (Poblete et al., 1974) .
Although this series is too small to permit a detailed statistical analysis, we have examined other factors that might influence the orientation of the QRS loop in left posterior fascicular block. Five parameters were studied: the azimuth and elevation angles of both the maximal and half-area vectors, and the mean QRS axis of the electrocardiogram. There was no apparent correlation with left ventricular hypertrophy, inferior wall c 0 + 40'-infarction, or the position of the heart within the thorax as judged from chest x-ray films. Two factors seemed, however, to play a significant role: (1) the presence of complete right bundle-branch block and (2) In Fig. 2B , it can be seen that cardiomegaly is also associated with a decrease of the azimuth angle and thus with displacement of the loop to the right and anteriorly. The cases with right bundlebranch block already had lower values of the azimuth angle: in these cases, the cardiomegaly adds its own effect to the anterior shift of the QRS loop. This is shown in the figure by the divergence of the two straight lines. Fig. 2C shows a similar effect: cardiomegaly is responsible for a rightward shift of the mean QRS axis, even more obvious in cases with right bundlebranch block.
The presence of cardiomegaly tends to decrease the values of both the azimuth and the elevation angle of the main QRS forces. In 3 cases in this series, the latter had a negative value (loop being superiorly oriented). This shows the important influence of cardiomegaly which can produce a superior displacement of the QRS loop in some cases of left posterior fascicular block. Therefore, one cannot retain the inferior orientation of the QRS as a valid criterion of left posterior fascicular block. This is why our criterion B does not consider the elevation angle, but only the azimuth angle, i.e. the rightward deviation of the QRS.
Most previous publications stated that the direction of the rotation of the frontal QRS loop is usually clockwise in left posterior fascicular block. This clockwise rotation was observed in 15 cases of our series. It was counterclockwise in 1 case (case 10) and showed a figure-of-8 in 2 cases (cases 4 and 18). But in these 3 cases there was important cardiomegaly, and the elevation angle was low or even negative (between +40 and -15°).
Therefore, just as the elevation angle could be influenced by other factors, the rotation of the frontal QRS loop should not be considered among the vectorcardiographic criteria of left posterior fascicular block.
PRESUMPTIVE CRITERIA OF LEFT POSTERIOR FASCICULAR BLOCK
In addition to the vectorcardiographic criteria A and B, the diagnosis of left posterior fascicular block in this series was supported by several other considerations which represent useful presumptive criteria.
(1) Atrioventricular block (AV block) Four patients had a history of Adams-Stokes syncope. The duration of the PR interval was 180 ms or more in 6 patients. In 3 others, there was transient complete or incomplete AV block. The mean value of the PR interval was slightly greater in group B (172 ms) as compared with group A (156 ms).
(2) Progressive or variable intraventricular conduction defects These, which were present in 10 of our patients, appear to be of great diagnostic value. In 6 cases, there was a transient conduction defect such as right bundle-branch block, left bundle-branch block, or AV block of various degree, which disappeared during the follow-up period or was replaced by another type of conduction defect. In 4 cases, the conduction defect progressed and became permanent.
The condition known as 'hebmibloc a bascule', i.e. left anterior fascicular block evolving into left posterior fascicular block (Rosenbaum et al., 1969a, b) was found in 3 patients (cases 9, 11, 17) who had in addition partial AV block.
(3) Paradoxical right axis deviation In subjects with clinical conditions usually causing left axis deviation, such as a horizontal heart or left ventricular hypertrophy, the paradoxical finding of right axis deviation strongly suggests the existence of left posterior fascicular block. This was the case in half of our patients who had a left ventricular overload.
OTHER CRITERIA OF LEFT POSTERIOR FASCICULAR BLOCK
According to Watt and Pruitt (1969) and Medrano et al. (1972) the QRS duration can be slightly increased by about 10 ms, in isolated left posterior fascicular block. In group A of this series, the mean QRS duration was 97 ms. However, cases with a QRS duration less than 90 ms had been excluded from this study (see methods). On the other hand, the 4 patients in group A who displayed a QRS duration longer than 95 ms had left ventricular hypertrophy or myocardial infarction: these conditions could account for a slight increase in the QRS duration. Therefore isolated left posterior fascicular block does not in itself seem significantly to increase the QRS duration. This is also supported by the fact that in group A there was apparently no significant delay of the late portion of the QRS loop in any planar projection, nor was there any delay on the curve of the linear velocity of the spatial vector.
The presence of right ventricular hypertrophy or overload makes the diagnosis of left posterior fascicular block impossible. The most usual pattern (type c) of right ventricular hypertrophy with a QRS loop orientated posteriorly and to the right is quite similar to the left posterior fascicular block pattern, and distinction is impossible on the basis of electrocardiographic or vectorcardiographic criteria alone (Strickland et al., 1972 
